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ABSTRACT

Context. The star formation process in large clustassociations can be strongly influenced by the feedback fighhmass stars.
Whether the resulting neffect of the feedback is predominantly negative (cloud disgiior positive (triggering of star formation
due to cloud compression) is still an open question.

Aims. The Carina Nebula complex (CNC) represents one of the mossimgastar-forming regions in our Galaxy. We use our
Herschelfar-infrared observations to study the properties of tlreids over the entire area of the CNC (with a diametee &2°,
which corresponds te 125 pc at the distance of 2.3 kpc). The good angular resol(ti@’ — 36”) of theHerschelmaps corresponds
to physical scales of 0.1 — 0.4 pc, and allows us to analyzerttadl-scale (i.e. clump-size) structures of the clouds.

Methods. The full extent of the CNC was mapped with PACS and SPIRE irvthel 60, 250, 350, and 5@@n bands. We determine
temperatures and column densities at each point in this imap®deling the observed far-infrared spectral energyidigions. We
also derive a map showing the strength of the UV radiatiowl figle investigate the relation between the cloud propeaiesthe
spatial distribution of the high-mass stars, and compute tboud masses for fierent density thresholds.

Results. Our Herschelmaps resolve, for the first time, the small-scale structfitbe@dense clouds over the entire spatial extent of
the CNC. Several particularly interesting regions, ingigdhe prominent pillars south gfCar, are analyzed in detail. We compare
the cloud masses derived from tHerscheldata to previous mass estimates based on sub-mm and molkeeldata. Our maps
also reveal a peculiar “wave”-like pattern in the northeamtf the Carina Nebula. Finally, we characterize two prent cloud
complexes at the periphery of oderschelmaps, which are probably molecular clouds in the Galacti&gaund.

Conclusions. We find that the density and temperature structure of thedslam most parts of the CNC is dominated by the strong
feedback from the numerous massive stars, rather thanmatgtbulence. Comparing the cloud mass and the star formadite
derived for the CNC to other Galactic star forming regionggasts that the CNC is forming stars in an particulafficeent way. We
suggest this to be a consequence of triggered star formiagioadiative cloud compression.

Key words. ISM: clouds — ISM: structure — Stars: formation — ISM: individual objects: NGC 3372, Gum 31, G286.4-1.3, G289.0-0.3

1. Introduction sub-millimeter survey of the CNC with LABOCA at the APEX

i . telescope revealed the structure of the cold and dense<loud
The Carina Nebula complex (CNC hereafter) (e.g. Smith §¢ complex in detail (Preibisch et al. 2011a).

Brooks 2008, for an overview of the region) is one of the rigthe
and largest high-mass star forming regions in our Galaxya Atb
moderate distance of 2.3 kpc, it contains at least 65 O-tigys s a
(Smith 2006) and four Wolf-Rayet stars (see e.g. Smith & Co
2008).

The CNC extends over at least80 pc, which corresponds to : . : :
more than 2 degrees on the sky, demor_lstrating that Widg-fi?f tl(;)rnmaz;ssstizloengll())/ultrj?gﬁtreetlja?il\?euld Ssﬁg;ﬁi%segiglgfgfﬂﬁ'
surveys are necessary in order to obtain a comprehenswe.fﬂ-d lecular clouds i y low-densi s .
formation on the full star forming complex. Several widddie "9 UE€NSE MOIecuiar clouds into watmt low-density atomic

surveys of the CNC have recently been carried out fiehint gas will strongly limit the potential for further star fo“.mm'
wavelengths. The combination of a larghandraX-ray sur- On the other hand, the compression of clouds by irradiatieh a
vey (see Townsley et al. 2011b) with a deep near-infrared SEV expanding bubbles driven by evolving Hll regions (e.g: De
vey Preibisch et al. (2011c,b) asgpitzermid-infrared observa- arveng et al. 2005) or stellar winds can produce gravitallg

tions (Smith et al. 2010; Povich et al. 2011) provided compréns.t?]ble dlenzsoitlyope$I;s %”d I.‘Tag 1;0 ltriggerefdﬁc,tar formégion
hensive information about the young stellar populationairr O mith et al. ): e detailed balance of these two opgosin
processes determines the evolution of the complex and efgcid

* TheHerscheldata described in this paper have been obtained in i@V Much of the original cloud mass is actually transfornmédl i
open time projecoT1_tpreibis_1 (PI: T. Preibisch).Herschelis an Stars and what fraction is dispersed by the feedback. Inrorde

ESA space observatory with science instruments providegLibgpean- t0 study this interaction between the stars and the suringnd
led Principal Investigator consortia and with importanttjoépation clouds, a comprehensive characterization of the cloudtstre
from NASA. and temperature is a fundamental requirement.

The CNC is an interesting region in which to study the feed-
ck dfects of the numerous very massive and luminous stars
n the surrounding clouds. The strong ionizing radiatiod an

the powerful winds of the high-mass staif§eat the clouds in
very different ways: on the one hand, the process of photoevap-
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The ESAHerschelSpace Observatory (Pilbratt et al. 20103cale emission in the final mosaics. The flux loss can only be es
is ideally suited to map the far-infrared emission of the mwartimated by extrapolating thiderschelfluxes to the wavelengths
and coolcold molecular clouds and is currently observing margbserved by a cold telescope, such as Blgnck
galactic (and extragalactic) star forming regions. We hased Another possibility is to obtain the contributions from kac
the HerschelObservatory to perform a wide-fielet (5 square- ground and foreground material estimating the dust in fore-
degrees) survey of the CNC (P.I.: Th. Preibisch) that coveysoungbackground gas that is traced by H I, for the atomic emis-
the entire spatial extent of the clouds. Far-infrared pmaisic sion, and CO, for the molecular emission. This approach has
maps were obtained with PACS (Poglitsch et al. 2010) at 70 abelen presented by Rivera-Ingraham et al. (2013).
160um, and with SPIRE (Gffin et al. 2010) at 250, 350, and  Since thePlanckdata are not yet publicly available and we
500um. A first analysis of thesderschebbservations, focusing do not have HI and CO spectral data of the CNC, we compared
on the large scale structures and global properties, hasfyee ourHerschel70um map to the IRAS 6@m map. This approach
sented in Preibisch et al. (2012) (Paper | in the following)te was already used in Paper | and the details can be found there.
A detailed study of the young stellar and protostellar papah We also use another approach, which consists in removing
detected as point-sources in tHerschelmaps is described in the local background at each wavelength, by assuming an aver
Gaczkowski et al. (2013). The properties of the clouds adouage value over the field (see e.g. Stutz et al. 2010). In thys wa
the prominent HIl region Gum 31, located just north-westhef t we only take into account tHéerschelemission above this local
central Carina Nebula, as derived from thescheland other background. This was computed in a region of the PACS and
observations are studied in Ohlendorf et al. (2013). Inplais SPIRE maps outside the CNC where there was no cloud emis-
per, we present a detailed analysis of the temperature amaino sion. We find that the local background is 0.000Edgseé.
density of the small-scale structures of the entire CNC. We checked whether the subtraction of the local background

This paper is organized as follows: in Section 2 we brieflystimated wasféecting our result on the temperature structure.
summarize thélerschelPACS and SPIRE observations, data re- Both approaches show that tlaege scale flux lossan intro-
duction and the final temperature and column density mapsdafce an error negligible compared to a conservative caiibra
the CNC. In Section 3 we compute the temperature, column denror of 20% of the flux adopted in our work.
sity and UV-flux maps of the clouds. In Section 4 we present a The second calibration step taken into account iscibler
detailed analysis of the cloud structures resolvetiibyschelin  correction This correction canféect the Herschel photometry
the CNC., e.g. the southern pillars. We discuss, in Sectjtines at the shortest wavelengths in the case of low temperdiloes
comparison between dense anffulie gas, the relation betweertorrect the PACS fluxes we used the first temperature map ob-
dust and gas mass estimates, the strength of the radiagide feéained by fitting the SED on the uncorrectei@rschelfluxes
back and the CNC as a link between local and extragalactic g&,). For a given temperature, we applied the color corrections
formation. A summary of our results and conclusions is gimen cCpacgo andcCpacueo listed in the PACS manuslthe corrected
Section 7. flux Feorr is computed a§ corr = Func/CCpacs

In a second step the fit of the SED has been repeated using
the color-corrected fluxes.
2. The Herschel PACS and SPIRE maps of the Between the two iterations the temperature mafeds of

Carina Nebula Complex about 0.1 K in the coldest part of the CNCHI6 K). For warmer
parts the correction was less than 0.1 K.

We checked thefiect of the color-correction on the SPIRE
The CNC has been observed on December 26, 2010 using ghetometry. The SPIRE color corrections are obtained dhgck
parallel fast scan mode at'6@, obtaining simultaneously 70n the slopex of the spectral energy distribution (SED hereafter)
and 16Qum images with PACS, and 250, 350, and 280 maps between 250 and 5Qdn. From an average spectral index value
with SPIRE. of about 2.4 over the entitderscheimosaic, the color correction

The scan maps cover an area of°282.8°, which corre- would have ranged between 1.02 and (?97This correction is
sponds to about 110 pc110 pc at the distance of the CNC. Thdience negligible.
data reduction has been carried out combining the HIPE Qy. 7.

Ott 2010) with theSCANAMORPHOS package (v. 13.0; Roussel
2012). All the details of the reduction can be found in Pap
I. We here only emphasize that we used the optjabactic 3.1. Temperature and column density of the clouds

in SCANAMORPHOS which preserves the brightness gradient over ) - ) )
the field. The final angular resolution of the PAGSrschel In this section we describe in detail the procedure to olb#ain

maps wasv 127 — 16", while for the SPIREHerschel maps Precise temperature and column density map of the CNC. The
~ 20" — 36", most reliable and powerful approach to derive the dust tempe

ature and density maps is fitting, pixel by pixel, the SED t® th
fluxes in the SHerschelbands. The finaHerschelmosaics at
2.2. Calibration 70, 160, 250, 350, and 5@0n (derived as previously described)
e been convolved to the angular resolution of theBOOM-
q’:\%\é, using the procedure presented in Stutz et al. (201Ghand
kernels from Aniano et al. (2011).

2.1. Observations and Data Reduction

g Analysis

The observations and mosaics of the CNC have been previo
presented in Paper I. In this work an additionfibg to cali-
brate the final mosaic has been done by discussingffhet ef - . ‘ .
thelarge scale flux losand taking into account theolor correc- Since the nebula is optically thin at all téerschelwave-
tion, which might influence our further analysis. In the first casjeengths (Preibisch et al. 2011b), the emission of the nelsula

it is important to recall thatlerschelis a warm instrument, not 1 pacs manual“PACS Photometer Passbands and Colour Correc-
designed to obtain absolute fluxes. The warm emission frem ¥bn Factors for Various Source SEDs”

telescope’s mirror is removed using a high-pass filteringndu 2 SPIRE color corrections from the SPIRE Photometry Cookbook
the data reduction. However, this step might remove songe laBendo et al. (2011)
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Table 1. Values of the dust mass absorption fiwéent, k, interpolated In particular the large elongated bubble south-west 6fr
at theHeschelbands from the model of Ossenkopf & Henning (19941% a quite prominent empty region already described in Paper

with ag value of 1.9. ) . ) )

We note that a conservative calibration error of 20% in the
intensity causes just 5-10% uncertainty in the derived &mp
4 70um  160um  250um  350um  500um - o416 “and at 320 K, a 5% error in temperature will cause a
k, [cm¥g] 118.0 24.8 11.6 5.9 2.9 <10% error in the derived column density.

. . 3.2. Determination of the UV-flux
B,(T) - 7, whereB, is the Planck function at a temperature

andr is the optical depth, which is proportional to the dust mase surfaces of the clouds we see in the FIR maps are mainly
absorption cofiicient, k,. From the models presented in Ospeated by the far-UV (FUV) radiation from the hot stars in the
senkopf & Henning (1994), we choose a dust model with a higlymplex; the FUV photons are verfieiently absorbed by the
estg value (i.e. 1.9) which is representative to describe a dengigst grains and thus heat the dust to temperatures well above
molecular cloud. This model has a standard MRN-distributiqne “general ISM” cloud temperatures of18 K (see, e.g. Hol-

for diffuse interstellar medium (Draine & Lee 1984) composg@npach & Tielens 1999). Since the heated dust grains cool by
of grains without ice mantels. We used the tabulated valtikes 0 emitting the FIR radiation we can observe witersche] one
[cm?/g] for such a model and interpolated at terschelave-  can estimate the strength of the FUV radiation field from the
lengths. In Table 1 we show the valueslofthat we obtained. gpserved intensity of the FIR radiation. This yields impaott

) ) ) ) guantitative information about the local strength of thaiative
The fit of the SED is obtained by using a black-body leayaedback from the massive stars.

ing as free parameters the temperailiiand the surface density .
X [g/cn?]. A similar approach to obtain temperature and col- For a .feV.V selected clouds in the CNC' t_he stre_ngth of the
umn density has been applied for the analysis of the HOB éJVwradlatlon has b‘?e” already determined n pre\{lo@_em
key project by e.g. Hennemann et al. (2012) and the Gould BR[OS et al- (2003) investigated the photo-dissociatigian
key program by e.g. Palmeirim et al. (2013). R) at the eastern front of the dense cloud west of Tr 14 and
The final temperature and density maps are obtained fr(ﬁ?ﬁ'nd that the FUV f'?'d Is 600 to 10000 times stronger than
the HerschelPACS and SPIRE color corrected mosaics. he so-_called Habing field, i.e. the average mttznsny oﬂg)laﬁl
The final temperature map of the CNC is shown in Figure $alactic FUV (912 A- 2400 A) flux of 16 x 10-3ergcm?s
We find that the average temperature of most of the nebuldfPing 1968). Kramer et al. (2008) derived an independent
about 30 K, ranging between 35-40 K in the central clouds afgtimate of the FUV irradiation at the same cloud front, figdi
26 K in the clouds at the edge of the nebula. values of 3400 to 8500 times the Habing f_leld._ For for another
In Paper | we presented a first color-temperature map of {#leud south qfn Car, these_ aut_hors found irradiation values of
CNC, derived from the ratio of the 70n and 16Qum images. ©80 t0 1360 times the Habing field.
The warmer cloud surface temperature is traced with the best Using the approach described in more detail by Kramer et al.
resolution, since the convolution of the two original mesdias (2008), we computed the FUV radiation field for all cloudsia t
been done on the PACS 166. CNC from the observed intensity of the FIR radiation in bleir-
However, a color temperature may be less well suited fschelmaps. For this, we used our PACS 4 and 16Qum band
dense clouds where much of thegt@ - 160um emission comes maps to determine the total intensity integrated over tha6 @
from the warmer cloud surfaces. In this case, the temperat@00um FIR range. Since these two bands cover the peak of the
computed by the SED fitting computes the beam averaged téfiR emission spectrum of the irradiated clouds, they carista
perature among the line of sight and it is more sensitive ¢o thood tracer of the radiation from the heated cloud surfamed,
densest (and thus coolest) central parts of clouds. also provide very good angular resolution. We did not inelud
We find that the temperature computed in Paper | show véte longer wavelength SPIRE bands, firstly because the angul
ues up to~ 5% higher than the values with the SED fitting. Thisesolution in these bands is considerably worse, and sgcond
result was already expected because the color temperathice i because the emissionzat250um is probably dominated by the
ased to the warmer cloud surface. thermal emission from cold dense clumps, that are well dail
The second free parameter of the SED fitting is the dust sénem the ambient FUV field; the emission from these very dense
face densityx. The column density Nis obtained as following and cold cloud structures does thus not directly trace the FU
2.5 . R irradiation. In any case, the contribution of the SPIRE Izated
Nn = 2Ny, = (1) theintegrated intensity would be quite small.

H - HH, To determine the total 60 200 um FIR intensity,|gr, We
where ny is the hydrogen mass ang, is the mean molecular first smoothed the PACS 76n map to the angular resolution of
weight (i.e. 2.8). Multiplying by the gas-to-dust massod® the PACS 16(m map and created maps with a pixel size &f'4
(assumed to be 100), we obtain the total column density. (corresponding to 0.049 pc). For each pixel in this map, wea th

In Figure 2 we show the resulting total column densitynultiplied the specific intensity in the two bands by the band
map. The median value over the entire CNC {23&3) is  width (60— 80um and 125- 200um; see PACS MANUAE). In
1.8 x 10?*cm 2, while the mean value is.2x 107 cm 2. order to fill the gap from 8@m to 125um, we took the average
We find column densities up to % 10??cm™2. From the of the 70um and 16Qum intensities and multiplied it by the cor-
Southern Pillars, in the South-East direction from Carthare responding band width. The resulting sum is a measure of the
is an almost continuos structure with density of abo -3 total 60— 200um FIR intensity (rr).
5.5x 10?*cm2. In the opposite direction, north-east to south-
west from the Carina Nebula, the density is lower, down to
9x 10%°%cm—2. 3 httpy/herschel.esac.esa/iBbcgPACShtml/pacs_om.html
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Fig. 1. Temperature map of the Carina nebula. The dashed boxeseepréhe central region aroundCar (box ‘a’), the Southern Pillars region
(box ‘b"), the Treasure Chest Clustébox ‘c’), and the ‘wave’ pattern (box ‘d’). These regiong @nalyzed in detail in Figures 4, 5, 7, and 8. The
center of the figure corresponds to the positiendos 612000 = (10"45" 215, -59 34 20").

Following the arguments of Kramer et al. (2008), the FUY6nizing flux drops as~2. The local radiation within few par-
field strength can then be computed via the relation sec from each high mass cluster is found to be more important
than the cumulativeféect from all the clusters. The FUV radia-

G = 4r lpR ) tion computed by Smith (2006) is consistent with the values w

0= 16%x103 ergcnr2s1 found: between 100 and 1000 at distances larger than 10ipc fro
the center, and values up to“00° near the individual clusters.

where the denominator contains the Habing field. In the Southern Pillars area, which is further away from the

The resulting map of the derived FUV field in units of théot stars in the central clusters, we fing @lues around 1000
Habing field is shown in Figure 3. In the enlargements of thghd up to 2000 along the pillar surfaces.
FUV map, shown in Figures 4, 5, and 7, we also overplotted |, yost parts of our map area, the spatial distribution of the
the positions of the known high-mass stars in the CNC. For thgrived FUV intensities correlates well with the cloud tergp
individual clouds already studied by Kramer et al. (2008 ary e However, in some locations, cleafeliences can be seen.
Brooks et al. (2003), our values agree well with the previou§ne prominent case is the Gum 31 region, in the north-western
independent determinations by these authors. part of our maps (see Ohlendorf et al. 2013, for a comprehensi
_ Ourmap shows that nearly all cloud surfaces in the CNC agg,qy of this region). While the peak of the cloud tempertsr
irradiated withGo values above- 300, which seems reasonablgqong in the difuse gas around the OB stars in the central cluster
for a region containing such a large number of OB stars (Helleygc 3324, the highest FUV intensities are found at the wester

bach et al. 1991). Particularly highoGta!ues, betweer 3000 gnd southern rim of the bubble surrounding NGC 3324.
and~ 10000, are found for the massive cloud to the west of

Tr 14, Values above 3000 are found in the Keyhole Nebula, sev-
eral clouds to the north and west of Tr 14, and a pillar soatst-e
of n Car. 4. Detailed structure of the clouds in the Carina

It is interesting to compare our map to the results of Smith Nebula Complex
(2006), who computed an estimate of the radial dependence of
the average FUV radiation field from the spectral type of eath this section we characterize particularly interestimgal-
high mass star in the central clusters (i.e. Tr 14, Tr 15 art6]r scale structures in the CNC which are resolved inHieeschel
At distances larger than 10 pc from the center of the Neblnéa, tmaps. In particular we will analyze the central part of theGCN
ionizing source can be treated as a point-like source, aad the Southern Pillars region and the Treasure Chest Cluster .
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Fig. 2. Column density map of the Carina nebula. The color scalepsemsed in cr?. The dashed boxes represent: the central region around
n Car (box ‘@), the Southern Pillars region (box ‘b’), theeasure Chest Clustébox ‘c’), and the ‘wave’ pattern (box ‘d’). These regionar
analyzed in detail in Figures 4, 5, 7, and 8. The center of thedi corresponds to the positiafyfoos 92009 = (10" 45™ 215, —-59° 34 20).

4.1. Central part part. The most prominent cloud West of Tr 14 has a temperature

) , of about 30 K and a decrease in density from the inner to the
An enlargement of a 23 pc26 pc region around Car is shown gqge part.

in Figure 4. OurHerschelmaps provide dicient angular res-

olution to investigate the temperature and column dengitics

ture of the clouds aroungCar in detail. 4.2. The Southern Pillars
In the southern direction frompCar a dense molecular cloud

. . ; . ) In the Southern Pillars region of the CNC, the temperature
ridge is resolved in the IRAC image and column density m : P

3finges between 21 K and 30 K. For a few of the most prominent
The temperature is not homogeneous arop@dr: in the North- g P

illars, we analyze the temperature and density profilegiail
West direction fromy Car the temperature is higher, ranging bg- y P y P

h S n Figure5 an image of the Southern Pillars is compared with
tween 35 and 45 K; in the South-East direction the tempe#atye temperature and column density maps. All the structares
is lower, between 25 and 35 K.

: ; the composite image in Figure 5 are reproduced in the density
In this region, there are the young clusters, Trumpler 14, 3835, The two most prominent pillars (Pillar A and Pillar B in
and 16, which host about 80% of the high mass stars of theeenfify. 5) have a projected angular separation of ab&utla the
complex. This is also the hottest region of the nebula with-te East direction from Pillar A and Pillar B another pillar isigent
peratures ranging between 30 and 50 K (excluding the pasitig the composite image of Figure 5. This is only barely visibl
of n Car itself which reaches values of 60 K). in the density map, while in the temperature map only a dijght
In particular, the clouds in and around the stellar clusteblder temperature compared to the local environment is aee
Tr 16, which hosts most of the high mass stars in the nebui® head of the pillar. The projected size of both, Pillar Al an
includingn Car, have temperatures between 29 and 48 K. Tr Jdijlar B, is about 5 pc. The head of the pillars points in thech
which hosts 20 O-type stars, shows cloud temperatures of 3@n of the central stellar cluster Tr 16. Their column déBsi
33 K, and Tr 15, with 6 O-type stars, displays a lower tempeatange from~ 3.0 x 10?1 cm™2 at the edge of the pillar structure,
ature of 26-28 K. The local temperature of the cloud is hengg to~ 10x10?*cm™2 at the peak of density in the central part of
related to the number of high mass stars. Pillar B. In order to analyze the temperature and densitfilpso
The column density map of the molecular cloud arouralong the pillars, we show the run of temperature and column
the clusters shows low values of abou® & 10°°cm2. The density along cuts perpendicularly to their main axis, spauy
molecular cloud structures at the edges of the clusterscdderc ~1’ from the bottom to their head. While the temperature pro-
(~ 23K) and denser 3.9 x 1071 cm2 compared to the centralfile always decreases from the edge to the center of the,pillar

Article number, page 5 of 17



2000-25400

100 1
1667
50 1
1335
€
L
=
0 1002
g o
2
3
670
-50
337

-30 0 350 100
Delta R.A. [arcmin]

Fig. 3. Far-ultraviolet (FUV) fluxGy (in units of the Habing field) of the Carina Nebula Complex eTenter of the figure corresponds to the
pOSitiOﬂ (1'32000 53200& = (].(T| 45M 218, 59 34 20’)

the density profile increases and the maximum of the densitytd notice that the pillar has two dense heads separated tpc0.2
the pillar's center corresponds to the minimum temperafline This might explain the double peak in the temperature and den
temperature varies by 2 K according to their position on the psity profile found in Pillar A. The column density predicted b
lars: cooler at the bottom of the pillar and hotter at themdhe Gritschneder et al. (2010) is in good agreement with the lprofi
The Pillar A is found to be about 2 K cooler than Pillar B. Aof Pillar B.

possible explanation is that Pillar B is closer to the stalaster

Bochum 11 which harbours 5 high-mass stars. The temperature

and density profile of Pillar A suggests that it consists o tw#-3- The cloud around the Treasure Chest Cluster

partly resolved pillars: the first and third sections shovoatde

peak in both temperature and density profiles, while thermc In the Southern Pillars region, tiigeasure Chest Clusteas the

and fourth sections show only one peak which traces one of raest and_most prominent embedded star cluster. It idypart
h ved bill y P bedde_d ina der_lse cloud structure and is thought to be very

two here unresolvedpiiars. - . young, with an estimated aged of less than 1 Myr (e.g. Smith
Integrating our column density map over the spatial exténtgy 51 2005; Preibisch et al. 2011d). The brightest and mast m

the entire f‘glant pillar” (i.e. including both, P|I_Iar A anidlillar  gjye cluster member is the star CRBY 2661 & MJ 632), for

B), we derive a total mass ef 9350M, for the pillar structure. \yhich a spectral type of B1Ve is listed in the SIMBAD database
The density structure of the pillars has been also predimted|n the near-infrared image (Figure 7), the cluster is surced

theoretical studies, e.g. by Gritschneder et al. (201@mblin by an arc of difuse nebulosity, which seems to represent the

et al. (2012). In the simulations of Gritschneder et al. (B0ledge of a small cavity that opens to the south-west. Abotit 30

Mach 5', after 500 kyr the ionisation leads the creation of feworth-east of the Treasure Chest Cluster, and clearlydrithis

big pillars. The most prominent pillar created by Gritsati@e cavity, another bright star, Hen 3-485 MJ 640, spectral type

et al. (2010) has a size of 0.4 p®.8 pc, with column density Bep) is seen.

up to 13x 10?2 cm2. In Tremblin et al. (2012) the formation of g temperature, column density, and FUV intensity maps

a slightly bigger 1 parsec long pillar takes place in Mach 1 of the cloud around the cluster show a very interesting mairph

simulation between 200 kyr and 700 kyr. In particular th@inn gy even if the structures are not well resolved. The compar

turbulent simulation was based on the high curvature cureatisgn of the near-infrared image with obferschelmaps shows

of the dense shell which leads to pillars. that the Treasure Chest Cluster is situated near the head of a
The sizes of the pillars predicted by both, Gritschnedet. et gjjjar-like cloud. Our column density map shows that theselu

(2010) and Tremblin et al. (2012), are between four and twer is clearly dfset from the density peak @x 10P2cm?) of

times smaller compared to the extensions of Pillar A and Pihe pillar. The map also reveals a “kidney”-shaped colunm de

lar B. In the simulation of Tremblin et al. (2012) itis intst®g  sity depression near the location of the cluster. Our teatpes

map shows colder ga¥ (= 25 K) near the column density peak,

4 Details of theMach 5simulations are in Gritschneder et al. (2009). and considerably warmer gat & 32 K) at the position and to
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Fig. 4. Upper left: Composite optical DSS (in bluegpitzerlRAC4 (in green), and LABOCA (in red) image of the centraltpafrthe Carina
Nebula Complex aroung Car (box ‘a’ in Fig. 1 and 2)Upper right: Temperature map of the central part of the Carina Nebula Gambpower:
Column density map, expressed inenfleft) and Far-ultraviolet (FUV) fluxGo (in units of the Habing field)r{ght) of the enlargement around
n Car. The blue crosses represent the positions of the higk stais in this region and the black star the position Gfr.

the south-west of the cluster, as expected due to the loe&! heonsists of a pattern of parallel lines (see Figure 8) rummdA

ing of the dust and gas in the cavity by the cluster stars. & hagards the north-eastern direction. The wavelength of thitepn
results support our interpretation that the cluster istledan a is ~ 14.7, corresponding to 9.8 pc. The column density varies
small cavity at the western edge of the pillar, which is open from ~ 1.8 x 10?2cm 2 at the maxima te< 9.0 x 107%°cm2 at

the south-western direction. the minima.

The star Hen 3-485 is seen (in projection) almost exactly \ye first checked whether such a “wave™like pattern can be
at the column density peak of the cloud. However, its opticgl, grect of the observation mode of Herschel. The observa-
brightness and the moderate redenning (the observed cblo;gs are performed with two scanning directions which aterl
B -V = 0.7 suggest a visual extinction &, < 3 mag) show qmpined into the final map. The first scan direction is°aad
that it is most likely locateth front of the pillar. _ the second one is at 190both from West to North direction.

Our map of the FUV intensity shows a clear peak just bgyg «yaye-like pattern is found instead at*4om the West to
tween the two B-stars, coinciding well with the arc of refleat o, girection, which does not correspond to the scan tinec
nebulosity in the near-infrared image. We also created a final image from each scan direction and the

From our column density map we derive a total mass: of «w\5ye.like pattern is present in both of them. For this s
780M;, for the pillar-like cloud associated to the Treasure Chegh, axclude that this is an observationéiket.

Cluster. . ) ] .
One possible explanation for this pattern is that we see svave

. “ - at the surface of the molecular cloud, similar to the pattésn
5. Detection of a “wave-like pattern covered in the Orion Nebula by Berné et al. (2010).

In the region between the central parts of the Carina Nemda a In the case of the Orion Nebula, the waves have been ex-
the Gum 31 region, in the northern part of dderschelmaps, plained by a Kelvin-Helmholtz instability that arises dwgithe

our column density map reveals an interesting pattern aequéxpansion of the nebula as the gas heated and ionized by mas-
regularly spaced “waves” (see also Figure 2 and 3 of Papkr I)sive stars is blown over pre-existing molecular clouds Hrat
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Fig. 5.
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Upper left: Composite image (LABOCA 87am, Spitzer3.6 and 8.Qum) of the giant pillar in the Southern Pillars region (box b’
Fig. 1 and 2). Temperature mappper righ), Column density map, expressed in@nflower lef) and Far-ultraviolet (FUV) fluxGo (in units
of the Habing field) lpower right) of the enlargement of the region. The solid lines highlitie cut lines of the prominent pillars for which
temperature and column density are shown in Figure 6.
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Fig. 7. Upper panel:Composite image of théreasure Chest Clustébox ‘c’ in Fig. 1 and 2): HAWK-1J-band image in blue, HAWK-K¢-band
image in green, IRAC3 image in red, and the (red) contoursi®ftABOCA map. In the following panels are shown the tempeeafupper
right), column density mapsdwer lef) and Far-ultraviolet (FUV) fluxz, (lower right). The column density map is expressed irmémvhile the
FUV in units of the Habing field. The black ‘X’ represents thasjtion of theTreasure Chest Clustewhile the black cross the position of the star
Hen 3-485.

located a few parsecs away from the center of the clustemevhe The largest part of the wave pattern revealettieyschelies

the young massive stars are concentrated. just outside the area covered by fBhandraX-ray map. At the
The situation in the Carina Nebula is similar: The feedba&?rﬂ;{eaﬁem edé;e offtlﬁrfflr]andrax-ray map, Wr}';;: touﬁheithe

from the numerous massive stars in the central regions of f/th-western edge of the wave pattern revealeddrgche) the

; ; ; ; dominant plasma components have temperatures ranging from
Carina Nebulg drives a bipolar bubble (Smith et al. 2000). 0.14-0.17 eV 16 0.25-0.27 kaV.
The location of the observed wave pattern agrees roughly

with the northern part of this bubble system. The waves are _ ) )
seen at a projected distance of6 — 15 pc from the massive ~ The ROSAT image, that covers a larger field-of-view than
stars in Tr 16 and Tr 14. For a comparison to the Orion Nete Chandramap, shows that the amplitude of théfdse X-ray
ula case, this |arger distance may be eas”y Compensatd'dgbqulssmn in the area of the W_a.VG patter_n |s_rather Weak This
much larger number of massive stars in the Carina Nebula g#tggests that the hot plasma in this region is not confined, bu
the correspondingly higher level of stellar feedback. Efee, Streaming outwards.
the density and velocity of the hot plasma that is thoughéatcse
the wave pattern in the Orion Nebula may well be of a similar o o5t remarkable fierence to the waves in the Orion
order of magnitude as in the pattern we see in the Carina Mebyop 1 is the substantially longer wavelength of the wattepa
Some information about the outflowing material can be obr the Carina Nebula; 10 pc rather than 0.1 pc. According
tained from theChandra X-ray survey in the context of the to the models of Berné et al. (2010), this longer wavelength s
ChandraCarina Complex Project (CCCP) (see Townsley et ajests that a plasma of densityl cnm? with a flow velocity of
2011b). A detailed analysis of thefflise X-ray emission, which ~ 100 km's could be causing the instability. Such values appear
traces the hot plasma, is given in Townsley et al. (2011a).  quite possible in the case of the Carina Nebula superbubble.
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in Fig. 1 and 2). The dashed lines represent a “wave pattehitiwseems to connect the two main regions of the complex.

6. Discussion 6.2. Dust vs. molecular gas mass estimates for individual
clumps

6.1. Comparison of dense and diffuse gas )
The area covered by otferschelmaps includes 14 of the®O

In Fig. 9 we compare thelerschel160um map to the LABOCA clumps detected and characterized in the study of Yonekala e
870um map presented in Preibisch et al. (2011d). This combig005). Compact clouds are seen in éierschelmaps at the

tion has the advantage that the angular resolution dfirechel locations of all of these clumps with exception of?O clump
160um map & 12” — 16”) matches the angular resolution of th@umber 10.

LABOCA map (18’) quite well. The dfferences in these maps In order to derive clump mass estimates from their FIR emis-
are thus not due to theftierence in angular resolution (as wouldion, we integrated over boxes centered at the cloud ppsitio
be the case for the othelerschelmaps) but rather trace the dif-as seen in ouHerschelmaps that correspond to the reported
ferences in the spatial distributions of the very cold gathe positions of the €0 clumps of Yonekura et al. (2005). Our
somewhat warmer gas. box sizes were chosen to be as similar as possible to the sizes

In most clouds, the cold gas (traced by the sub-mm emissic%ii‘geon bly Yonekuralet ?I' (2035) (%et?il?din f‘l’qble 2]2' Eightraf
is considerably more spatially concentrated than the wagag LABOCleAmpr are aso ocste_b_ln th e Iel 2%1\’1"9‘”? our phr_e\r/]lous
(traced in theHerschel 160um map). The most prominent ex- observations (Preibisch et al. €), from which we

ample is the dense cloud west of Tr 14, in which the cold deni%'é_el’_agly (;stimated clump r;:assesl basded onltheir sub-mm ﬂL(ijeS.
cloud center is surrounded by a much more extended halo Iyl able 2 we summarize the total, gagust, clump masses an
widespread warmer gas. temperatures computed using thé&elient methods.

. . i . . This comparison shows that the masses computed from the
However, in many of the pillars V‘fe find a veryfidirent sit- ourHerschelmaps agree generally quite well to the previous es-
uation. Most pillars that are seenld — 20" to the south-east imates based on the sub-mm fluxes. However, the masses based
of n Car, are not surrounded by significant amounts of extenfgaflR and sub-mm data are always abou#iZimes lower than

warm gas. The_spatial extent of the warmer gas matches th masses estimated by Yonekura et al. (2005) from tH&®C
the cold gas quite well. data

The pillars at the southern periphery (more thaB0' south There are several possible explanations for this discigpan
of » Car) show filaments of warmer gas at their base that seem&jge major issue are the extrapolation factors used relétiag
stream away from the densest parts of these clouds in the-difigeasured dust or CO molecule emission to the totakgdsst
tion opposite to the pillar head, just as expected in the@wen mass. It is well known that the gas-to-dust ratio, for whiah w
of cloud dispersal by ionizing irradiation. assumed the canonical value of 100, is uncertain by (at)least

A particularly interesting dference in the spatial configura-2bout a factor of 2. Concerning the masses derived from CO, it
tion of the cold gas versus the warmer gas is displayed by fR&nown that the fractional abundance of carbon-monoxiag m
cloud structure~ 5 - 10’ to the south and south-eastpfCar Nnot be constant but depend on the cloud density; thus, therfac
(that constitutes the “left wing” of th&/-shaped dark cloud). Used to extrapolate the CO mass to the total mass can easjly va
Here, the cold gas is highly concentrated in two distinct corRY factors of 2-3 (see, e.g., discussion in Goldsmith etG{182
pact clouds (labeled a&” and 'B’ in Fig. 9), which have agap  We also find small, but systematicfidirences in the derived
(with a width of about 3 between them, just at the positiorcloud temperatures. In most clumps, the dust temperatudewe
that is closest (in projection) tp Car. In a remarkable contrast,rive from ourHerschelmaps is a few Kelvin higher than the CO
the configuration of the warmer gas resembles just a conimu@as temperatures derived by 2. This is probably relatedeo th
elongated distribution, with no indication of any gap asthosi- fact to both temperatures represent averages over (i) the-co
tion. This implies that there is a considerable amount ofwear sponding beam area and (ii) along the entire line-of-sighiigh
gas in the region between these two clumps of cold gas. the clumps. Since real clumps are not spatially isotherratl b
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Fig. 9. Herschel160um map (in Jypx) with the LABOCA 87Qum contours overlaid at 0.08, 0.16, 0.32, 0.64, 1.28, 2.46eém. Highlighted
is the position of; Car.

have some kind of (unresolved) density and temperature-stris in good agreement with the standard idea that molecules ex

ture, the dfferent biases of the filerent observations result inist inside the shielded regions of dark clouds (Goldsmitalet

these diferent temperature values. 2008). The thresholds iAy of 0.9 and 7.3 have been chosen as
We finally note that theHerschelmaps show many morein Lada et al. (2012).

dense cold dusty clouds, which remained undetected inf@ C oy previous cloud mass estimate based on the LABOCA

maps. sub-mm flux (Preibisch et al. 2011c) agrees well with the mass
estimate based olfCO. This fits with the assumption that the
LABOCA sub-mm map traces only dense clouds and /@0

is a tracer of relatively dense gas.

In Table 3 we summarize the integrated cloud masses fardi The total mass of all individual clumps detected in our

ent parts of the CNC derived fromfterent tracers. The masse$ ABOCA sub-mm map (as determined by Pekruhl et al. 2013)
derived in this paper via fitting of the FIR spectral energy-dijs between the cloud mass estimates baséd®® and G20, in

tribution, and in Preibisch et al. (2011c) from sub-mm ﬂuxee%ood agreement with the idea that®O traces denser gas than
are based on dust as a mass tracer. The study of Yonekura eidglg

(2005) gives mass estimates derived frofffietent CO isotopo-
logues, and is thus based on gas tracers.
Considering the total cloud complex, we find rather gooél4. The strength of the radiative feedback
agreement between thefidirent mass estimates for specific col-
umn density thresholds. Outerschelbased cloud mass esti-As mentioned above, the cloud surfaces in the CNC are styongl
mate for an column density threshold corresponding\ta> 1 irradiated: we find5, values generally between 1000 and up
is well consistent with the mass estimate based?@0O. This to ~ 10000. These numbers provide important quantitative in-

6.3. Cloud mass budgets based on different tracers
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Table 2. Mass and temperature derived for th€@ clumps from Yonekura et al. (2005).

Clump Coordinates Size M Mswmm® Mcig® T2 TC
number @32000 032000 ['] [Mo] [Mo] [Mo] K] [K]

1 10'34M23 -584700" 6x6 420 - 1785 18-21 16

2 10'36M43 583239’ 7x12 1232 - 3910 20-26 15

4 10'37M415 582633’ 4x7 464 - 850 21-26 20

5 10'38"33 581915’ 7x7 269 — 5185 25-29 28

6 10'38"09° -584558" 12x7 1212 — 3145 23-28 26

7 10'37™M53 585537’ 7x8 885 - 1360 20-21 17

8 10'41m™14°5 -594050" 8x7 2391 829 3145 22-26 24

9 104238 592649’ 5x5 476 593 1190 23-28 21

11 10'43"56° -59°24 21" 5x5 610 312 1190 23-25 22

12 104515 -59°4822" 6x5 882 1095 2210 23-26 20

13 10'45M48 -60°18 09" 7x9 1748 1212 3570 22-27 20

14 10'48M145 -59°5848" 3x3 161 85 382 23-26 9

15 104750 -60°26'15" 4x5 353 453 1700 20-23 19

References. @ This work; ® Preibisch et al. (2011c) assuming a temperature of 2()Rfonekura et al. (2005), scaled to the distance of 2.3 kpc.

formation on the level of the radiative feedback from the sihaes Using near-infrared excesses as an indicator of circumstel
stars on the clouds. lar disks, our previous studies of X-ray selected youngsstar

To put these numbers in context, we refer to the compilatiotiee diterent populations in the CNC actually showed that the in-
in Brooks et al. (2003) (Tab. 3) and Schneider & Brooks (200#ared excess fractions for the clusters in the CNC are |ohaan
(Tab. 2), where values of the FUV field strengths in photdRose typical for stellar clusters of similar age with loverels
dissociation regions (PDRs) inftirent star forming regions areof irradiation (Preibisch et al. 2011c). This is consistesith
listed. This comparison shows that the FUV field strengtihat tthe idea that the high level of massive star feedback in th€ CN
cloud surfaces in the CNC is very similar to that measured foauses faster disk dispersal. Similar indications have bmed
PDRs in the 30 Dor cluster, which is generally consideredhas tin other high-mass star forming regions, where the diskivas
most nearby extragalactic starburst system. This respficatis were also found to be lower close to high mass stars (e.g. Fang
the idea that the level of massive star feedback in the CNCeisal. 2012; Roccatagliata et al. 2011).
similar to that found in starburst systems.

The comparison also shows that, sometimes, even hlgher\@g On the relative importance of massive star feedback and
ues of the FUV field strength are found at specific locations it . ;

. . . : primordial turbulence
much less massive star forming regions. For example, in the
PDR in the Orion KL regionGo values up to 16-10° have been A fundamental question of star formation theory is whether t
determined (see references in Schneider & Brooks 20045 Sweructure of the clouds in a star forming region is domindted
high local values are, however, only found in clouds locaty primordial turbulence or by massive star feedback.
close (less than 1 parsec) to individual high-mass stasre- The recent study of Schneider et al. (2010) analyZed
stricted to very small cloud surface areas. No such extnemethel observations of the Rosette molecular clouds and sug-
high irradiation values are seen in the CNC, because thelslogested that “there is no fundamentaffeience in the density
are generally at least a few parsecs away from the massige ststructure of low- and high-mass star-forming regions”. yrae
This is probably a consequence of the fact that many of the mgae that the primordial turbulent structure built up durihe
sive stars in the CNC are several Myr old and have thus alreddymation of the cloud, rather than the feedback from massiv
dispersed the clouds in their immediate surroundings (kyr thstars, is determining the course of the star formation E®ae
high level of feedback). this region. The current star formation process is conagedr

Despite the fact that some lower-mass star forming regioinsthe most massive filaments that were created by turbubent g
show peaks of FUV irradiation that can locally exceed the lemotions. The star-formation can be triggered in the direet i
els we see in the CNC, the total amount of hard radiation (ateaction zone between the Hil-region and the moleculauctlo
thus the total power available for feedback) is much highé¢iné but probably not deep into the cloud on a size scale of tens of
CNC. parsecs.

The high level of the FUV irradiation may alsect the cir- Itis interesting to compare the Rosette molecular cloubéo t
cumstellar matter around the young stellar objects in th€ CNCNC. The Rosette cloud has a similar, only slightly loweatot
The irradiation causes increased external heating andehotloud mass than the CNC, and also harbors a rather largegopul
vaporation of the circumstellar disks and can disperse itlesd tion of OB stars. However (as already pointed out by Schmeide
within a few Myr. This process has been directly observetién t& Brooks 2004; Schneider et al. 1998), the Rosette Molecular
so-called “proplyds” near the most massive stars in the Ori€loud is exposed to a much (about 10 times) weaker UV field
Nebula Cluster (O’dell et al. 1993; Bally et al. 2000; Rictaé than whatwe find in the Carina Nebula. This order-of-magtgtu
2008) and has been theoretically investigated by numesiical-  difference in the level of the radiative feedback may explain the
lations (e.g., Richling & Yorke 2000; Adams et al. 2004; ®&ar differences in the cloud structure of these two complexes. In
2007) strong contrast to the predominantly filamentary cloudcstne
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of the Rosette region, most clouds in the CNC show pillag-likclear (see discussion in Burkert & Hartmann 2012), this em-
shapes. OuHerschelmaps reveal (as previously suggested qpirical relation provides an interesting opportunity tayquare
the basis of theSpitzerdata; Smith et al. 2010) the systemdifferent star formation regions. In the compilation of observa
atic and ordered shape and orientation of these numerdaispil tional data of Lada et al. (2012), there is a gap of about four
that point towards clusters of high-mass stars. As discugse orders of magnitude (in cloud mass) between the local Galact
Gaczkowski et al. (2013), the current star formation afstiin  clouds and the external galaxies. The CNC is ideally suited t
the CNC is largely concentrated to these pillars. Thesdteesuridge this gap and to connect Galactic and extragalagjions
clearly suggest that the cloud structure and the star faomatin this investigation.
activity in the CNC is dominated by stellar feedback, rathan The cloud masses for the CNC determined witffatent
random turbulence. tracers have been summarized above. For the extinctiosithre
A strong feedback similar to the situation in the CNC hasids ofAx > 0.1 mag andAx > 0.8 mag, as used in the study of
been found in Herschel study of the RCW36 bipolar nebula itada et al. (2012), we find total cloud masses-0610 000M,,

Vela C by Minier et al. (2013). and~ 23 000M,, from ourHerscheldata of the entire CNC.
Taking into account the systematic calibration unceriaént
6.6. Total FIR luminosity of the Herschel fluxes as well as uncertainty of the exact doun

_ _ aries of the CNC, we estimate an uncertainty of 30% for tha tot
From our map of the FIR intensity we also computed the totgloud mass.

FIR luminosity in theOGG 2(?)Opm. wavelength range.rir ot by For the star formation rate in the CNC, several recent deter-
integrating over a 3° x 2.3° region covenng the entire CNC. inations are available. Povich et al. (2011) analyz&pitzer
We find a value ot pirot = (1.7 + 0.3) x 10° Lo. selected sample of YSOs in the central 1.4 square-degréles of

This value is somewhat larger than the total infrared lumkarina Nebula. From this they derived a lower limit f >
nosity of 12x 10’ L, measured by Smith & Brooks (2007) fromy gogm,, yr- for the star formation rate averaged over the past
IRAS and MSX data, but this flerence can be explained by the. 2 myr. From an analysis of the optically visible populatiais
slightly smaller area used in the study of Smith & Brooks (200 stars in the Carina Nebula, they derived an average stagfam
that excluded the Gum 31 region (see their Fig. 1¢). ~  rate over the past 5 Myr dfl ~ 0.010— 0.017Myr~2. In our

It is interesting to compare this total FIR luminosity tgnalysis of the YSO detected as point-like sources inHerr
the total luminosity of the known massive stellar populatioscheldata of the entire CNC (i.e., including the Gum 31 region)
in the CNC, as derived by Smith (2006): Our total FIR lumiye estimated a star formation rat®©d7 M, yr-* (Gaczkowski
nosity is smaller than the total stellar bolometric lumitpsf gt 5. 2013), which is an average over the last few y@ars.
2.5x 10" Lo, but 70% larger than the total stellar FUV luminosThe error associated to the star formation rate is about 2% (
ity of 1.0x 10’ L. The most likely explanation for this apparentails in Gaczkowski et al. 2013). Taking the smaller area cov
discrepancy of the total FIR and total FUV luminosity is tha{red by theSpitzerstudies into account, it can be shown (see
the current census of massive stars in the CNC is still incogzczkowski et al. 2013, for details) that dterschelbased star

plete. Direct support for this assumption comes from theystuformation rate estimate is in good agreement with the rages d
of Povich et al. (2011), who could identify 94 new candidatged by Povich et al. (2011).

OB stars (withLp > 10%L,) among X-ray selected infrared
sources in the Carina Nebula. They found that the true numtpﬁé
of OB stars in the CNC is probably about 50%, and perhaps UuRdO,
100%, larger than the currently identified OB populationisTh
incompleteness results from the lack offaiently deep wide-
field spectroscopic surveys, that left a significant numib& B
stars yet unidentified.

Taking this incompleteness into account, the extrapolated
tal stellar FUV luminosity would match the total FIR lumiriiys
we derived quite well.

In Figure 10 we add our data for the CNC to the star for-
tion rate versus cloud mass diagram from Lada et al. (2012)
ce the cloud mass as well as star formation rate of the CNC
are larger than in all other Galactic regions shown in thgiori
nal plot, the CNC adds an important new data point in the gap
between the other Galactic regions and the external galaxie

Considering the total cloud mass above the > 0.1 mag
threshold, the data point for the CNC appears to follow the ge
eral relation. The cloud mass above the > 0.8 mag threshold,
however, appears to be considerably lower than the exjp@ttat
according to the general relation. This implies that the feta
6.7. The Carina Nebula as a link between local and mation rate per unit mass in dense clouds is higher in the CNC

extragalactic star formation compared to the other regions. In other words, the star fooma

Lada et al. (2012) collected observational data for numé)rr_ocess seems to be exceptionaffycent in the CNC.

ous Galactic star forming regions and external galaxies apd Dividing the total mass in dense clouds of 23 089 by

. > ),
found a well-defined scaling relation between the star foiona _he star formation rate of.017Mo yr™" yields a characteristic

{imescale of 1.3 Myr. If one would simply assume that the to-

rates and molecular cloud masses above certain columrtxdenE | f th " td louds will be t d
thresholds. They expressed the star formation scaling ¢aw al mass of Iné currently present dense clouds will bé turne
Into stars at a temporally constant rate, this process wasid

these clouds as 1.3 Myr. Considering the clearly established fact that &tar
SFR= 4.6 x 10°® fpg Mg(Ms) Mo yr? (3) mation in the CNC is going on since (at least) about 5 Myr (as
witnessed by the large populations of young stars in the opti
whereMg is molecular mass measured at a particular extincti6ally visible populations), this would imply that the starra-
threshold and corrected for the presence of heliumfgads the tion process in the CNC will soon come to its close and the ob-
fraction of dense gas. served dense clouds are the last remaining parts of thenatigi
They suggest that this fundamental relation holds overa sgaouds.
of mass covering nearly nine orders of magnitude. Althoigh t
exact physical meaning of certain density threshold vakiast > A¢ = 0.1 mag~ A, = 0.9 mag;Ax = 0.8 mag= Ay = 7.3 mag.
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However, we believe that it is probably not correct to think 4 . . . T LE—
in terms of a fixed amount of dense clouds that just turns intc ULIRGS vg(
stars over time. Rather, a large fraction of the dense clthats LIRGs
are present today, may have just recently been activelyeztea 2r _ 7
by the feedback of the massive stars. normal Sp'ra‘;g

Several studies of the youngest stellar populations in the p
CNC came to the conclusion that the currently ongoing sta 0 Ay
formation process is, to a large degree, spatially restiitd ’
the edges and surfaces of irradiated clouds, e.g. the tips ¢
the numerous pillars (Smith et al. 2010; Ohlendorf et al.201
Gaczkowski et al. 2013). This suggests a causal conneation b
tween the star formation process and local cloud compnessio o
The ongoing feedback continues to compress (moderatesedien 4 P
clouds and thus can create new dense cloud structures ticat, o o /}J/" S
they get gravitationally unstable, will collapse and fortars. ) ©

In this dynamic picture, where dense cloud structures ar
constantly created, the ratio of dense cloud mass versistdhe
formation rate is naturally lower than in the case of cloud# t S
do not experience significant levels of compression fromsinas 0 2 4 6 8 10 12
star feedback. This may explain the position of the CNC in thi log(M) [M,,]
plot. The CNC shows the largest deviation from the SFR versus o )
cloud mass relation than all other plotted Galactic stamfog Fig. 10. Plot adopted from Fig.2 in Lada et al. (2012). The red points

regions because the level of massive star feedback is parli represent the.position of the star formation rate and tred toass of
high ¥ the entire Carina Nebula Complex. The error in the g (s 0.1 (i.e.

It is int ting t t f the “(ult lumi . ~30% of the total mass), and the error in I&KR is 0.2 (i.e. ~50%
IS 1n er_es,!ng 0 note some or (ne (ultra-) UMINOUS %t the star formation rate). The empty points represent lilnedcmass
frared galaxies” show deviations in the same sense, i.esSFmputed over an extinction threshold of A 0.1 and the filled point

that are higher than expected form the dense cloud massisThisver Ac > 0.8 (asin Lada et al. 2012). three parallel lines correspond
consistent with the idea that a high level of feedback iséasf to fog = 1.0, 0.1, and 0.01 (defined in Equation 3) from left to right,

ing the dficiency of star formation. respectively.
Since numerous galactic star forming regions have now been
observed byHersche] the analysis of these data will soon show
whether similarly large star forming complexes with congiae moderately dense gas (as traced#§O) and the dense gas (as
levels of feedback do also show a similar behavior betwemutl traced by**CO and C®0).
mass and star formation rate. 6. The intensity of the FUV irradiation at most cloud sur-
faces in the CNC is at least about 1000 times stronger than the
: galactic average value (the so-called Habing field). At stome
7. Conclusions and Summary cations, e.g. at the surface of the massive cloud to the west o

Our wide-field Herschel SPIRE and PACS maps allowed ug_he stellar clugterTr 14, the FUV irradiation is more thard00
to determine the temperatures, surface densities, andttaé |times the Habing field. _ .
strength of the FUV irradiation for all cloud structures ottee 7. In a region north of the Carina Nebula, we discover a
entire spatial extent(125 pc in diameter) of the Carina Nebulawave™-like pattern in the column-density map. This patter
complex at a spatial resolution sf0.4 pc for the first ime. The May be related to a flow of hot gas streaming out of the northern
main results and conclusions of our study can be summarizedart of the bipolar superbubble.
follows: 8. We compare the ratio between the total cloud mass and
1. The global temperature structure of the clouds in the CN{ge star formation rate in the CNC to the sample of Galactit an
is clearly dominated by the radiative feedback from the muméXxtragalactic star forming regions originally presentgd_ada
ous massive stars. etal. (2012). This shows that the CNC seems to form starsawith
2. We present detailed temperature, column density, apigher éficiency than other, typically lower-mass, Galactic star
FUV intensity maps of particularly interesting small-scaloud forming regions. We suggest that this is a consequence of the
structures in the CNC. particularly strong radiative feedback in the CNC. The cozsp
3. The comparison of thelerschelFIR maps to a sub-mm sion of the clouds actively and continuously creates delosels
map of the CNC shows that the cold gas, traced by the sub-ranf of lower density diuse clouds. In this way, the total amount
emission, is more spatially concentrated than the warmey gaf dense clouds is continuously replenished.
traced byHerschel 9. We present the first detailed FIR mapping and mass esti-
4. Considering the masses of individual clumps determingthtes for two cloud complexes seen at the edges dfletschel
from their FIR dust emission, we find that previous mass estaps, which are molecular clouds in the Galactic backgraind
mates that were obtained from CO molecular line observatiofistances between 7 and 9 kpc.
yl.elded systematically (by factors 6f2 - 4) I_arg_er values. This AcknowledgementsThe analysis of thélerscheldata was funded by the Ger-
difference probably results from uncertainties in the absollte man Federal Ministry of Economics and Technology in the #anrk of the
ibration of the dfferent mass tracers and from th&eiient biases “Verbundforschung Astronomie und Astrophysik” througle BLR grant num-
(and beam sizes) of the observations. ber 50 OR 1109. V.R. was partially supported by Beyerischen Gleichstel-
5. We investigate the total cloud mass budget in the CNEESTISEITAe0R), Aqdons spert came o s Tom 1 e
at different column density thresholds and find that thiéedi  eqge the HCS$HSpot/ HIPE, which are joint developments by thierschel
ent tracers (dust and CO) yield consistent total masseshéor science Ground Segment Consortium, consisting of ESA, h&AHerschel
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Table 3. Cloud mass budget (in M using diferent methods.

Trace Area Ref.
2.3¥%x2.3 1.2x1.22
Total NIR-Radio SED 900 000 2
FIR
SED-A, > 09 609 765 147 259 1
SED-A, > 10 421704 128 220 1
SED-A/ > 7.3 22903 8115 1
Sub-mmnmimm
LABOCA 60 000 3
LABOCA (Clumps) 42 000 4
12co 346 000 141 000 5
BBco 132 000 63 000 5
C!80 57 800 22000 5
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Appendix A.1: The G289.0 — 0.3 cloud complex distinct from that of the Carina Nebula cloud complexd ~

. . —26 knys). We note that no CO emission from these clouds was
A cloud complex extending over about’3635' is seen around detected in the survey of Yonekura et al. (2005).

the position é32000 632000 = (10"56™30°, ~60° 06 00”) , near Besides the diuse cloud emission, ouerschelmaps re-

th_e souf[h-eastern edge of our SPIRE maps. Optica}l images, Of jeq 15 individual point-like sources in these clouds,gbsi-
this region show numerous field stars, but no prominent CIOH ns and fluxes of which are given in Gaczkowski et al. (2013)
features. The cloud complex we see in Higrschemaps is ré- e prjghtest emission peak in this complex can be identified

lated to the radio-detected molecular cloud G289.0-0.8rilax : :
; ! . ] th the ultra- tHII IRAS 10320-5928 (Bronfm
by Russeil & Castets (2004). With a radial velocity\pfy = \(%vtlal. 1%365? compactHliregion (Bronima

+27.5 knys, this cloud complex seems to be clearly unrelated o The southern :
. . N part of the cloud complex contains the FIR
the Carina Nebula cloud complex (which hagi ~ —26 kny's). source IRAS 10317-5936, which is identified with the HII re-

Beside§ the_ diuse c;louq emission, OUﬂersch_eImaps re- gion GAL 286.42-01.48 and listed as part of the star-forming
vealed 52 individual point-like sources, the positions Hokes -5 nhjex 286.4-01.4 in Russeil (2003). It contains the two-ca
Orf which at:e %‘Ve’?f.'”d G"?‘EZKOWSk' et al. (2013). Several Qfijate massive young stellar objects 286.3938-01.3514i2an
these can be identified with IRAS or MSX point-sources, SO”@ﬁlottram et al. 2007). Fontani et al. (2005) determined a dis

of which are marked in Fig. A.1. The brightest compBer- 506 ofD = 8.88 kpc to this cloud. We note that this distance
schelsource in this area can be identified with the giant H Il &, ;e is consistent with the prediction of the velocimetniodel

gion PMN J1056-6005, which was detected in the Parkes-MIJf e Galax A ; :
. y by Vallée (2008) for the galactic longitude &mel
NRAO 4850 MHz survey (Gfiith & Wright 1993), and SEeMS y,o5qred radial velocity of this molecular cloud complex.

to be identical to the HII region GAL 289.06-00.36 listed in" | the north-western part of this complex, another accumula

CaSW‘?" & Haynes (1987.)' Cersos_imo_ et "_’ll' (2009) d_eteCtﬁgn of compact clouds is found, two of which can be identified
emission in the H166 radio recombination line from this re-with IRAS sources.

gion and determined a distancedf= 7.1+ 0.3 kpc. We note e main part, but not the full extent of this cloud complex s

that t_his di_stance value is consistent wi}h the predictibthe .o ared by our PAC&nd SPIRE maps. The dust temperatures
velocimetric model of the Galaxy by Vallée (2008) for theagal 546 from about 20 K ta 35 K. Integrating our column density
tic longitude and the measured radial velocity of this molac map yields a total mass ef 93 000M,, within a 16 x 19 area

cloud complex. : . ; _
. if we assume the above mentioned distance of 8.88 kpc. This is
At the southern tip of the cloud complex, the Be star CPDy-grict lower limit, since our data cover only some part @ th

59 2854 € IRAS 10538-5958) is seen as a bright compact fag ,q complex.
infrared source. In the northern part of this complex, one of This rather high cloud mass and the presence of numerous

the brightHerschelpoint-like sources is the extended 2MASS;; it ;
NN ght point-like Herschelsources (with fluxes up te 530 Jy,
source 2MASX J10543287-5939178, which is listed as a Gala&rresponding to FIR luminosities of up 025 000Ls) shows

in the SIMBAD catalog, but may in fact be an ultra-compact H l, 5t this complex is a site of active massive star formatiah a

region (Bronfman et al. 1996). certainly worth to be studied in more detail
Since this cloud complex is located near the edge ofHair y '

schelmaps, and a considerable fraction is only covered by the
SPIRE maps, but not by PACS, we cannot provide a complete
characterization of this cloud complex. In our temperatnag,

the dust temperatures in these clouds ranges from about 48 K t
about 25 K. Integrating our column density map (see Sec}ion3
over a 16 x 19 area, covering that part of the cloud complex
that is observed by PAC8nd SPIRE, we obtain a total mass
of 65000M,. Due to the incomplete spatial coverage, this is
clearly a lower limit to the total cloud mass of this complex.

This rather high cloud mass and the remarkably high number
of detected point-likeHerschelsource$ clearly show that this
cloud complex is a region of active massive star formatiat th
is worth to be studied in more detail.

Appendix A.2: The G286.4 — 1.3 cloud complex

Near the western edge of our PACS maps, a cloud complex
extending over about 16< 19 is seen around the position
(CL’JQOOQ 6J200a = (:I.d1 34m OOS, -5 47 00") Optical images
of this region show several dark clouds.

The cloud complex seems to be related to the radio-detected
molecular cloud G286.4-1.3 discussed by Russeil & Castets
(2004). The radial velocity off,g = +39.9 knys is clearly

6 We note that due to the larger distance, Hrschelpoint-source
detection limit corresponds to about 10 times larger FIReffuthan for
the young stellar objects in the Carina Nebula; this suggsit most
of the point-like FIR sources detected in this cloud compiaxst be
relative massiveX 10M,) protostellar objects (or, alternatively, very
compact and rich clusters of young stellar objects)
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Fig. A.1l. Right: Herschel PACS 7Qum map of the G28@ — 1.3 cloud complexleft: Herschef SPIRE 25Q:m map of the G289 — 0.3 cloud
complex.
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